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ABSTRACT 

 

Whereas Spanish word-initial stops can be pre-voiced 

or voiceless, Korean word-initial stops are always 

voiceless, its three-way contrast being distinguished 

partly by short- vs. long-lag VOT. In intervocalic 

position, Spanish voiced stops become spirantized 

and Korean lenis stops become voiced, resulting in 

complicated phonological mappings among the stops 

in the two languages. In this exploratory study we 

tested the perceptual assimilation and discrimination 

of Korean stops by native Spanish (1) naïve listeners 

and (2) L2 learners of Korean. 

It was found that both groups of listeners 

predominantly (roughly 70-90%) assimilated all 

Korean stops to a Spanish voiceless stop category, 

with the only major exception being intervocalic lenis 

stops. Differences between the listener groups were 

minor in the perception of word-initial stops, but 

much clearer in the case of intervocalic stops, which 

we attribute to effects of L2 experience. 

Discrimination accuracy was largely predicted by 

perceptual assimilation patterns. 

 

Keywords: non-native speech perception; Spanish 

stops; Korean stops; perceptual assimilation 

1. INTRODUCTION 

The literature on the second language (L2) acquisition 

of non-native stop contrasts suggests that many errors 

in production are due to differences in the use of voice 

onset time (VOT) in the realization of the native (L1) 

and L2 stop contrasts [8, 9, 20, 22, 27]. It has 

separately been claimed that the mispronunciation of 

certain non-native sounds by L2 learners is due to L1 

and L2 phonological categories existing in a shared 

phonological space, with certain L2 perceptual targets 

failing to be sufficiently differentiated from the 

targets of similar L1 sounds [7]. It follows that a 

central question in the acquisition of L2 stop systems 

is how the members of the L2 stop contrast are 

perceived, both by naïve listeners and L2 learners. 

The Korean stop system contrasts tense (fortis) 

/p*, t*, k*/, lax (lenis) /p, t, k/, and aspirated /ph, th, 

kh/ stops. In word-initial position, VOT and 

fundamental frequency (f0) are the primary acoustic 

cues to the contrast: tense stops are cued by short-lag 

VOT and high f0, lax stops by long-lag VOT and low 

f0, and aspirated stops by long-lag VOT and high f0 

[14, 15]. Previous studies have investigated the L2 

acquisition of the Korean stop contrast by L1 

speakers of English [19] and Mandarin [11], both 

languages with a short-lag vs. long-lag VOT stop 

contrast, and also Japanese [13, 26], a language with 

a voiced vs. voiceless stop contrast that has been 

claimed to be undergoing a sound change in which 

historically voiced stops are becoming short-lag 

voiceless stops [23, 24]. These studies found that 

Korean tense stops were assimilated by naïve English 

and Mandarin listeners to their L1 short-lag stop 

category, but by naïve Japanese listeners as to their 

L1 voiced stop category. It was speculated that the 

sound change in progress might have led Korean 

tense stops to be perceived as post-sound change 

Japanese voiced stops. 

How would Korean stops be perceived by speakers 

of a language whose voiced stops are unequivocally 

pre-voiced? Spanish contrasts voiced (/b, d, g/) and 

short-lag voiceless (/p, t, k/) stops in word-initial 

position. These voiced stops are fully pre-voiced, 

with the onset of laryngeal vibration preceding the 

closure release by 40 ms or more [5, 10, 16]. If VOT 

is the primary cue by which L1 Spanish listeners 

perceptually assimilate non-native stops, it is 

predicted that naïve Spanish listeners would 

assimilate all word-initial Korean stops – tense, lax, 

and aspirated – to Spanish voiceless stop categories. 

In intervocalic position, Korean lax stops do become 

fully voiced [b, d, g], but Spanish voiced stops are 

realized as homorganic approximants [β̞, ð̞, ɣ̞] [10]. It 

is thus unclear whether any Korean stop in any 

position would ever be assimilated to a Spanish 

voiced stop category. 

The current study aimed to explore the perceptual 

mappings of non-native Korean stops onto native 

Spanish categories. To generate hypotheses about L2 

acquisition, we tested the perceptual assimilation and 

discrimination of Korean stops by both naïve Spanish 

listeners and native Spanish L2 learners of Korean. 

Comparing the perception of these two populations 

can shed light on how knowledge of the phonological 

system of Korean can affect acoustic perception (cf. 

[12, 21]. 
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2. METHOD 

A pre-registered study plan and R code are available 

at https://osf.io/afdj7/. 

2.1. Participants 

15 naïve Spanish listeners (tested in Alicante, Spain) 

and 15 L1 Spanish L2 learners of Korean (tested in 

Seoul, South Korea) participated in this study. The L1 

Spanish L2 learners of Korean were all undergraduate 

students or professors at a university in Seoul. None 

of them started learning Korean before the age of 16, 

and they varied in length of residence in Korea (M = 

26.9 months, SD = 20.6) and Korean instruction (M 

= 12.0 months, SD = 10.8). 

2.2. Materials 

The stimulus set consisted of Korean isolated CVs 

and VCVs produced by female native speakers of 

Seoul Korean. There were 216 CVs (3 phonation 

types × 3 places of articulation × 3 vowel contexts /a, 

i, u/ × 4 talkers × 2 tokens), and 72 VCVs (3 

phonation types × 3 places of articulation x 1 vowel 

context /a/ × 4 talkers × 2 tokens). 

2.3. Procedure 

The experiment was presented on a notebook 

computer running OpenSesame ver. 3.2.5 [17]. 

Listeners completed five tasks in the following order: 

(1) CV perceptual assimilation, (2) VCV perceptual 

assimilation, (3) relative voicing perception, (4) CV 

discrimination, and (5) VCV discrimination. All 

written and verbal instructions were given in Spanish. 

Task order was not counterbalanced as it was not 

expected to have a significant impact on the results. 

Perceptual assimilation: Participants heard one 

stimulus at a time and clicked on a button on the 

screen to indicate which Spanish stop the C sounded 

most similar to, given six choices presented 

orthographically: <b>, <p>, <d>, <t>, <g>, <k>. The 

CV block was presented before the VCV block, but 

stimuli were randomized within each block. All 216 

CV and 72 VCV Korean stimuli were played once. 

Relative voicing perception: Two CV stimuli 

produced by a single talker at the same place of 

articulation but of differing phonation types were 

played consecutively with an ISI of 750 ms. 

Participants then chose which of the two stimuli was 

more similar to the homorganic Spanish voiced stop. 

For example, if a trial consisted of Korean /pa/-/pha/, 

the participant would choose whether the first or 

second stimulus sounded more similar to Spanish /b/. 

A total of 108 trials were presented: 3 places × 3 

vowel contexts × 3 contrasts (tense-lax, tense-

aspirated, lax-aspirated) × 2 talkers × 2 orders. 

Discrimination: Participants were presented with 

AXB trials of Korean stops, with an ISI of 750 ms. 

Each of the three stimuli in each trial was produced 

by a different talker, and the order of talkers was the 

same for every trial. There were 108 CV trials (3 

places × 3 vowel contexts × 3 contrasts × 4 orders: 

AAB, ABB, BBA, BAA), and 36 VCV trials (same 

as above but with only one vowel context, /a/). 

2.4. Data analysis 

As this study is exploratory in nature, for the 

perceptual assimilation task we report simply the 

proportion of voiced and voiceless responses for each 

stimulus category and listener group. For the relative 

voicing perception task, the proportions of each 

Korean stop category that were perceived as more 

similar to a Spanish voiced stop category will be 

reported. Lastly, for the discrimination task we ran a 

repeated measures ANOVA to determine whether 

each listener group’s accuracy varied by phonation 

type contrast, followed by planned comparisons 

among the AXB stimuli orders (cf. [6, 18, 25]). 

3. RESULTS 

3.1. Perceptual assimilation 

In the CV trials, listeners from both groups 

assimilated all three Korean stop categories to a 

Spanish voiceless category roughly 70 to 90% of the 

time, as shown in the left side of Table 1. At least two 

general observations can be made from these results. 

First, given the voiceless nature of word-initial 

Korean stops, it was expected that close to 100% of 

the stimuli would assimilate to Spanish voiceless 

categories, especially in the case of long-lag VOT lax 

and aspirated stops. An investigation of items and 

listeners showed that in both listener groups 5 of the 

15 listeners accounted for over 70% of lax and 

aspirated stop trials assimilated to a voiced stop 

category, suggesting large individual differences in 

the perceptual assimilation of Korean stops. A similar 

level of inter-listener variation was observed in the 

responses to tense stops, with individual rates of 

assimilating tense stops to a voiced category ranging 

from 0 to 80% A thorough exposition of these 

individual differences cannot be presented here due to 

space limitations, but consequences of this finding 

will be discussed below. 

Second, the L2 listeners’ assimilation patterns 

were slightly more skewed toward Spanish voiced 

categories than the naïve listeners’ were. Substantial 

inter-listener variation was observed here as well. 
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Table 1: Percentage (%) of each stimulus category 

assimilated to Spanish stop categories. 
 

 CV VCV 

Naïve Ten Lax Asp Ten Lax Asp 

/b, d, g/ 31.9 13.4 11.2 16.9 55.6 3.6 

/p, t, k/ 68.1 86.6 88.8 83.1 44.4 96.4 

L2 Ten Lax Asp Ten Lax Asp 

/b, d, g/ 31.6 17.6 10.2 9.2 93.1 3.1 

/p, t, k/ 68.4 82.4 89.8 90.8 6.9 96.9 
 

In the VCV trials, a much larger difference 

between the listener groups was observed, as shown 

in the right side of Table 1. While Korean lax stops 

were perceived as both voiced and voiceless in 

roughly equal proportions by the naïve listeners, the 

L2 listeners were far more likely to perceive them as 

voiced (93.1%). Here as well, however, a high level 

of inter-listener variation was observed in the 

perception of lax stops by naïve listeners: although 

the mean assimilation rate to Spanish voiced stop 

categories was 55.6%, the individual rates ranged 

from 0 to 100%. These high levels of individual 

variation were not expected. 

3.2. Relative voicing perception 

The question addressed in this task was which Korean 

stop categories, when directly compared to each 

other, sound more like Spanish voiced stops. The 

results from both listener groups suggest that Korean 

tense stops are perceived as the most similar to 

Spanish voiced stops, but when lax stops are directly 

compared to aspirated stops, it is lax stops that sound 

moderately more similar to Spanish voiced stops, as 

shown in Table 2. 
 

Table 2: Percentage (%) of trials in which each 

Korean stop category was chosen as more similar to 

a Spanish voiced stop category. 
 

Naïve Ten Lax Asp 

Ten-Lax 74.4 25.6  

Ten-Asp 73.7  26.3 

Lax-Asp  55.2 44.8 

L2 Ten Lax Asp 

Ten-Lax 64.1 35.9  

Ten-Asp 78.1  21.9 

Lax-Asp  62.8 37.2 
 

The differences between the naïve and L2 listeners 

were minor, but together suggest that L2 listeners 

perceive lax stops as slightly more similar to Spanish 

voiced stops than naïve listeners do. The tense-over-

lax rate decreased from 74.4% to 64.1%, and the lax-

over-aspirated rate increased from 55.2% to 62.8%. 

3.3. Discrimination 

The results of the CV discrimination trials are shown 

in Table 3. The accuracy column is the overall 

accuracy for the contrast in each row. The A→B and 

B→A columns break down the overall accuracy into 

trials that that were AXB and BXA, respectively, (e.g. 

in the first row, which is tense-lax, A→B includes 

/p*a/-/p*a/-/pa/ and /p*a/-/pa/-/pa/, whereas B→A 

includes /pa/-/p*a/-/p*a/ and /pa/-/pa/-/p*a/). 

 
Table 3: Discrimination accuracy (%) and d′ on CV 

trials. A→B includes AAB and ABB trials, whereas 

B→A includes BAA and BBA trials. 
 

Naïve accuracy (d′) A→B B→A 

Ten-Lax 67.0 (0.88) 61.9 (0.60) 72.2 (1.19) 

Ten-Asp 67.2 (0.90) 61.1 (0.56) 73.3 (1.26) 

Lax-Asp 53.3 (0.17) 53.0 (0.16) 53.7 (0.18) 

L2 accuracy (d′) A→B B→A 

Ten-Lax 63.1 (0.67) 60.7 (0.54) 65.6 (0.79) 

Ten-Asp 63.0 (0.66) 62.2 (0.62) 63.7 (0.70) 

Lax-Asp 52.0 (0.10) 53.3 (0.18) 50.7 (0.04) 
 

Overall, the CV discrimination results reveal 

differences in accuracy among the contrasts in both 

naïve [F(2,28) = 14.4, p < .001] and L2 listeners 

[F(2,28) = 9.5, p < .001], with planned comparisons 

showing that listeners are more accurate at 

discriminating tense stops from lax and aspirated 

stops than they are at discriminating lax and aspirated 

stops from each other (all comparisons p < .01). With 

respect to stimulus order, planned paired t-tests 

revealed a significant effect of order for naïve 

listeners in tense-lax [t(14) = -3.3, p = .005] and tense-

aspirated [t(14) = -3.2, p = .007] trials, such that 

listeners were more accurate when first stimulus was 

lax or aspirated. No effect was found for naïve 

listeners on lax-aspirated trials, or for L2 listeners at 

all. 

 
Table 4: Discrimination accuracy (%) and d′ on 

VCV trials. A→B and B→A are used as in Table 3. 
 

Naïve accuracy (d′) A→B B→A 

Ten-Lax 79.4 (1.61) 85.6 (2.02) 73.3 (1.20) 

Ten-Asp 58.3 (0.42) 50.0 (0.00) 66.7 (0.83) 

Lax-Asp 82.8 (1.91) 81.1 (1.71) 84.4 (2.09) 

L2 accuracy (d′) A→B B→A 

Ten-Lax 81.7 (1.78) 80.0 (1.62) 83.3 (1.90) 

Ten-Asp 56.1 (0.30) 55.6 (0.27) 56.7 (0.33) 

Lax-Asp 83.9 (1.94) 82.2 (1.78) 85.6 (2.02) 

 

The results of the VCV discrimination trials are 

shown in Table 4. Both naïve [F(2,28) = 26.1, p < 

.001] and L2 [F(2,28) = 20.1, p < .001] listeners 

exhibited differences in accuracy among the three 

contrasts, with planned paired t-tests revealing 

significant differences between the tense-aspirated 
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trials and the two other contrasts for both listener 

groups (all comparisons p < .001). With respect to 

stimulus order, planned paired t-tests revealed a 

significant effect for naïve listeners in tense-aspirated 

[t(14) = -2.2, p = .046] trials, such that listeners were 

more accurate when first stimulus was aspirated. No 

other order effects were found. 

Taken together, the results from the discrimination 

tasks are largely predictable from the perceptual 

assimilation patterns reported in Section 3.1. 

4. DISCUSSION 

Given that word-initial Korean stops are always 

voiceless, it was initially predicted that naïve Spanish 

listeners would assimilate all word-initial Korean 

stops to a Spanish voiceless stop category. It was 

found that they often did, but not always, and our 

exploration of why revealed a high degree of inter-

listener variability. This result was unexpected, as 

most other studies of the perceptual assimilation of 

Korean stops reported a high degree of consistency 

across naïve listeners [11, 13, 19, 26], presumably 

due to perceptual assimilation being influenced by the 

acoustic properties of the stimuli alone. It is less 

surprising that inter-listener variability would be 

found among L2 listeners, as their perceptual 

assimilation would be affected not only by the 

acoustic properties of the stimuli, but also the specific 

properties of the phonological representations of 

Korean stop categories they have developed so far, 

which could easily differ across individuals. 

Because our original study plan did not include 

detailed comparisons between individual listeners, 

we instead lay out here our plans for ongoing 

analyses. First, it is possible that listeners might be 

modifying their response strategy over the course of 

the experiment: responses to early trials might favour 

a voiceless response, but as no truly voiced stimuli are 

presented listeners might start to shift their responses 

to adapt to the VOT scale presented in Korean stops. 

In an experimental manipulation described in the pre-

registration but for which data collection is still 

ongoing, we have mixed in native Spanish stop 

productions among the Korean stop stimuli in the 

perceptual assimilation task to see whether the 

presence of truly voiced stimuli would bias listeners 

to assimilate the Korean stimuli to Spanish voiceless 

categories. 

Second, we plan to investigate whether different 

listeners are weighting acoustic cues differently in the 

Korean stop stimuli. In the most extreme example of 

inter-listener variability, two naïve listeners 

assimilated intervocalic lax stops to Spanish voiced 

categories 0% of the time, while one listener did so 

100% of the time. Given that Spanish intervocalic 

voiced stops are spirantized, it seems that some 

listeners weigh the lack of spirantization in Korean 

more than the presence of stop voicing, resulting in 

such stimuli being assimilated to a Spanish voiceless 

category. Although we cannot explicitly test cue 

weighting in the current dataset, we believe the 

current results can be used to generate hypotheses for 

a follow-up study. The issue of individual differences 

in stop perception by L1 Spanish listeners has been 

discussed in the literature [1, 2], but not examined 

systematically. 

Third, the range of responses among the L2 

listeners warrants a closer look at their individual 

linguistic backgrounds. Because some of the L2 

learners had much more experience with Korean than 

others, it is possible that some of the inter-listener 

variation, among the L2 listeners at least, could be 

partly explained by their level of L2 experience. 

Lastly, our interpretation of the discrimination 

results was based on group-level patterns, and it was 

indeed shown that in both the CV and VCV trials, 

both groups of listeners were in aggregate more 

accurate at discriminating between Korean stops that 

were assimilated to different categories, in line with 

predictions made in the literature [3, 4]. But because 

the aggregate group results were actually reflections 

of wide inter-listener variability, it is clear that our 

evaluation of the discrimination results should be 

done at the level of individual listeners, including our 

analysis of stimulus order effects. 

In [25], discrimination accuracy in an AX task was 

more difficult when the stimuli proceeded from a 

well-assimilated stimulus to a poorly assimilated 

stimulus. In the current study, at the group level, 

word-initial Korean aspirated stops assimilated better 

to voiceless stops than tense stops did, suggesting that 

discrimination accuracy should be poorer when an 

aspirated stop is followed by a tense stop. The 

opposite trend was found here in both the tense-

aspirated and tense-lax contrasts (see Table 3). But 

this result was found only in the naïve listeners, and 

it does not consider whether the listeners who 

exhibited the largest asymmetry in Table 3 are the 

same listeners who assimilated both aspirated and 

tense stops to the same Spanish category. Thus, there 

are numerous individual listener comparisons that 

should be done in order to form more specific testable 

hypotheses for subsequent experiments. 
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